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COATING FILM FORMING APPRATUS AND 
COATING FILM FORMING METHOD 

TFC.HNICAL FIELD 

[0001] 

The present invention relates to a ? o j film forming 
apparatus and a coating film forming mt.n.a, :or forming a 
coating film on a substrate in a semiconductor device 
manufacturing process. 

BACKGROUND ART 

[0002] 

A CVD film deposition method has been in prevalent use 
for manufacturing an insulating film such as an Interlayer 
insulating film of a semiconductor device. There has been 
recently proposed a method of applying a coating liquid, which 
is prepared by dissolving a precursor of a silicon oxide film in a 
solvent, on a surface of a substrate such as a semiconductor 
wafer to form thereon a liquid film, and vaporizing the solvent 
from the liq^..- r.nr., so as to form an insulating film of a silicon 
oxide film. 

[0003] 

A typical method of applying a coating liquid to a surface 
of a substrate is a spin-coating method that supplies a coating 
liquid onto a center of a substrate, and rotates the substrate to 
spread the coating liquid by a centrifugal force. However, when 
the coating liquid is applied to a large-sized substrate by the 
spin-coating method, a film thickness is undesirably prone to be 
non-uniform due to turbulence of air occurring at an outer 
peripheral portion of the substrate. In addition, a considerably 
large amount of coating liquid Is scattered and thus Is wasted in 
the spin-coating method. In order to solve these problems, an 
apparatus for applying a coating liquid to a substrate has been 
recently proposed In which, instead of rotating a substrate, a 
nozzle that continuously dispenses a coating liquid is moved In a 
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meandering manner relative to the substrate (see, 
JP2001-237179A, specifically paragraphs 0035 to 0045, and 
Figs. 7 and 15). 

5 [0004] 

Fig. 15 scheinaticaily shows the operation of the 
apparatus disclosed in JP2001-237179A. A liquid coating 

nozzle 110 opposed to a surface of a wafer W reciprocates m 
X direction while dispensing a coating liquid 111. At the same 

10 time, the wafer W is intermittently fed in Y-directlon, so that a 
meandering coating liquid line is formed on the wafer W. A pair 
j':j;d receivers (not shown), which move In X-direction 
.;,^,,^,,^-rrC the Y-position of the wafer W to constantly locate 
at positions near the edge of the wafer W, receive the coating 

15 liquid dispensed from the nozzle 110 near turning positions of 
the nozzle 1 10. Thus, adhesion of the coating liquid to a 
periphery of the wafer W and a rear surface thereof can be 
prevented. 

20 [0005] 

A V-shaped notch N indicating the orientation of the 
wafer W is formed in the periphery of the wafer W. As shown 

in Fig. 16, die - ; ' or dividing the wafer W into discrete 
chips extend on tr - e . ace of the wafer W in directions parallel 
25 to and perpendtcuiar to a line connecting the notch N and the 
wafer center. 

[0006] 

The coating liquid is applied such that the line connecting 
30 the notch N and the wafer center is parallel to the feeding 
c u of the wafer W (Y-direction). Wiring patterns are 
formed on the wafer surface, and the wiring patterns generally 
extend in a direction parallel to or perpendicular to the dicing 
lines. Thus, the moving direction of the nozzle and the 
35 direction of the wiri ng patterns are parallel to each other. 
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[0007] 

In this situation, as shown in Fig. 17, the wiring patterns 
P having a large space width, or wiring patterns P having a large 
height or large depth prevent adjacent coating liquid lines L 
5 from contacting each other, and thus there remains an area on 
the wafer surface which is not coated with the coating liquid. 
Such a phenomenon may also occur near the dicing lines, when 
the dicing lines are wide or deep. 

10 SUMMARY OF THE INVENTION 

[0008] 

An object of the present invention Is to provide a coating 

film forming apparatus and a coating film forming method, that 
are capable of assuredly applying a coating liquid on the whole 
15 surface of a substrate to form thereon a coating film, when the 
coating liquid is applied on the surface of the substrate by 
scanning the substrate by a liquid coating nozzle relatively. 

[0009] 

20 The present invention is a method of forming a coating 

fn a surface of a substrate on which patterns of grooves or 
ridges are formed, by dispensing a coating liquid from a liquid 
coating nozzle, characterized in that the liquid coating nozzle 
and a substrate holding member are moved relative to each 

25 other such that the liquid coating nozzle linearly scans the 
substrate to cross a certain pattern on the substrate held 
horizontally. The term "horizontally" herein Includes a 
substantially horizontal state. 

30 [0010] 

To be specific, the present invention includes: a step of 
horizontally holding the substrate by a substrate holding 
member; a step of orienting the substrate in an orientation such 
that a specific pattern of the patterns formed on the surface of 
35 the substrate crosses a scanning direction of the liquid coating 
nozzle; and a step of making the liquid coating nozzle linearly 
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scan the substrate relatively, while dispensing a coating liquid 

from the liquid coating nozzie. 

[0011] 

5 The present invention can be embodied as a methi. 

applying a coating Hquid on a substrate, by drawing a 
continuoys coating liquid line without any discontinuitv on the 
substrate. Substrates to which the present in.r^ ^> He 
applied include a substrate for manufacturing a s^r ' 

10 Integrated circuit element such as a wafer, a glass so.. 3r 
a liquid crystal display, and the like= In this ^s-^^ ^--^ j 
invention inciodes a step of arranging a c ^-'^.ear 

coating liquid lines in a forward-and-backy«c. -^r . 
repeating an operation in which the liquid coacing ^lozzie 's 

15 moved in a right-and-left direction to linearly anrj^/ -re coating 
liquid on the surface of the substrate, and an operation in which 
the substrate holding member is moved relative to the liquid 
coat c- 'crr e in the forward-and-backward direction at a 
preset pitch. 

20 

[0012] 

The present invention is applicable to a method of 
forming a coating film by using a liquid coating nozzle provided 
with a plurality of linearly-arranged dispense ports for 
25 dispensing the coating liquid, and by making the liquid coating 
nozzle linearly scan the substrate relatively, from one end of the 
substrate to the other end thereof. 

[0013] 

30 The step of orienting the substrate is performed by 

rotating the substrate holding member. In the event that the 
substrate is a semiconductor wafer, dicing lines, for dividing the 
substrate into a plurality of chips each serving as a 
semiconductor Integrated circuit element, are longitudinally and 

35 transversely formed on the substrate, and the step of orienting 
the substrate may comprise a step of orienting the substrate 
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such that the scanning direction of the liquid coating nozzle 
crosses ali the dicing lines. The present uivei t-or- "ay r..^f.^^ 
indude a step of returning the substrate ro an oritrtst ' o i 
which the substrate was oriented -//ref' Te subt' r-^ '-z 
5 delivered to the substrate holding mennbe L-f-":->^ r"--^ 
coating process, prior to removing the suostrate nt. . . 
s;jtv= L.: - coating process from the substrate he ^ 

member. The step of orienting the sl ; ^ .^e may cor b 
step of retrieving, from data stored in s means . ^Jta 

10 is structured so as to associate ku^zs of substrates with 
orientations of the substrates, an orientation of the substrate 
corresponding to a kind of the substrate to be coated, and a 
step of orienting the substrate in the retrieved orientation. 

15 [0014J 

In one embodiment, the present invention further 
comprises a step of imaging the surface of the substrate, 
whereirs the step of orientins -"-le substrate comprises a step of 
dete-rr,rr~ir,o z d = rect'on of pattern based on an imaging 

20 result, and a step of . g the substrate depending on the 

determined direction c pattern. In this case, the step of 

orienting of the substrate comprises a step of making the 
substrate be in the orientation based on a determination result 
determined based on the imaging result, and data structured so 

25 as to associate directions of patterns with orientations of the 
substrates. 

[0015] 

In addition, the present invention provides an apparatus 
30 for forming a coating film on a surface of a substrate on which 
patterns of grooves or ridges are formed. The apparatus is 
characterized by including: a substrate holding member adapted 
to support a substrate horizontally; a liquid coating nozzle 
opposed to the substrate held by the substrate holding member, 
35 the liquid coating nozzle being adapted to dispense a coating 
liquid to the substrate; angle setting means for orienting the 
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substrate in an orientation such that a specific pattern of the 

patterns formed on a surface of the substrate crosses a 
scanning direction of the liquid coating nozzle; and a driving 
mechanism adapted to cause the liquid coating nozzle to be 
5 moved relative to the substrate holding member such that the 
liquid coating nozzle linearly scans the substrate relatively. 

[0016] 

The apparatus accordi the present invention can be 

10 embodied af e,-^ ac:. it, 3 - appiying a coating liquid on a 
substrate, t/ . c.. g ^ i .iuous coating liquid line without 
any discontinuity on the substrate. In this case, the apparatus 
further comprises a first driving mechanism adapted for 
movement of the substrate holding member in a 

15 forward-and-backward direction relative to the liquid coating 
nozzle, and a second driving mechanism adapted to move the 
iiquid coating nozzle in a right-and-left direction, whereby a 
pluraHtv of linear coating liquid lines are arrayed In the 
r'o -wa c ar d-backward direction to form a film of the coating 

20 - ca the substrate, by repeating an operation in which, 
after the liquid coating nozzle is moved in the right-and-left 
direction while liquid coating nozzle dispenses the coating liquid, 
the substrate holding member is moved in the 
forward-and-backward direction relative to the liquid coating 

25 nozzle at a preset pitch. 

[0017] 

When using a liquid coating nozzle with a plurality of 
linearly-arranged dispense ports for dispensing the coating 
30 liquid, the driving mechanism is configured to move the liquid 
coating nozzle relative to the substrate holding member so that 
the liquid coating nozzle to linearly scan the substrate relatively 
from one end of the substrate to the other end thereof. 

35 [0018] 

Examples of concrete embodiments of the apparatus 
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according to the present invention are as follows. The 

substrate holding member is capable of rotating, and the angie 
setting means configured to rotate t^e sd::si bie '-o^C'.-ig 
member to orient the substrate in the orientation. Dicing lines, 
5 for dividing the substrate into a plurality of chips each serving 
as a semiconductor integrated circuit element, ar^ _ ' . : naily 
and transversely formed on the substrate, and the angle setting 
means is configured to orient the substrate sl ■ :i i< z'^anmng 
direction of the liquid coating nozzle crosses all the dicing lines. 

10 There is provided means for returning the substrate to an 
orientation in which the substrate was oriented when the 
substrate was delivered to the substrate holding member before 
starting of a coating process, prior to removing the substrate 
having been subjected to the coating process from the substrate 

15 holding member ""''^ -ng'e setting means includes means for 
storing data stf^^-y.-.-^z so as to associate kinds of substrates 
with orientatior s ;f substrates, and means for retrieving, 
from data stored in the storing means, an orientation of the 
substrate corresponding to a kind of the substrate to be coated, 

20 and for orienting the substrate in the retrieved orientation. 

[0019] 

The apparatus according to the present invention may 
further comprise Image-pickup means for imaging the surface of 

25 the substrate. In thus case, the angle setting means may be 
configured to determine a direction of a pattern based on an 
Imaging result obtained by the imaging means, and configured 
to orient the substrate to an orientation depending on the 
determined direction of the pattern. Also in this case, the 

30 angle setting means may Include storing means for string data 
structured so as to associate directions of patterns with 
orientations of the substrates, and means for orienting the 
substrate In an orientation based on a determination result 
determined based on the Imaging result and on the data stored 

35 In the storing means. 
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[0020] 

According to the present invention, the scanning direction 
of the liquid coating nozzle crosses a specific pattern of the 
patterns formed on the substrate, which might obstruct contact 
of adjacepft coating liquid lines if the coating liquid would be 
applied under conditions that the specific pattern is in parallel 
with the coating liquid lines. Thus, the adjacent coating liquid 
lines assuredly come into contact w : -. i other and merge 
with each other over the pattern, without being obstructed by 
the pattern. Note that, in the event that scan coating is 
performed by using the liquid coating nozzle provided with a 
piurality of dispense ports, "coating liquid lines" herein mean 
lines of coating liquid dispensed from the respective dispense 
ports. Therefore, defects such as thin spots of the coating 
liquid can be prevented in the area in which the specific pattern 
is formed. Consequently, the coating liquid can be applied 
uniforrnSy to ail over the area to be coated of the substrate. In 
the - a wafer on which the dicing lines are longitudinally 

and transversely formed, since the dicing lines and the scanning 
direction of the liquid coating nozzle cross each other, the 
adjacent coating liquid lines assuredly come into contact with 
each other over the pattern parallel to the dicing lines. In 
addition, since the dicing lines do not obstruct the contacting of 
adjacent coating liquid lines, there is no possibility that a 
uneven coating film is formed near the dicing lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Fig. 1 is a longitudinal cross-sectional view of showing 
the structure of a coating film forming apparatus according to 
the present invention; 

Fig. 2 is a partial cross-sectional view of the coating film 
forming apparatus shown in Fig. 1 viewed from the above; 

Fig. 3 is a perspective view of showing the structure of a 
nozzle unit shown in Fig. 1; 

Fig. 4 is an explanatory drawing illustrating a control 
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system of the coating film forming apparatus shown in Fig» 1; 

Fig. 5 is a plan view showing the angular relationship 
among a coating liquid line, a notch and dicing lines, for 
illustrating a coating film forming method performed by the 

5 coating film forming apparatus shown in Fig. 1; 

Fig. 6 is an explanatory dra'^:ny n:usi:a's-^"g -tie 
relationship between the adjacent coating liquid lines and a 
wiring pattern; 

Fig. - „ - rxplanbiv. , ^rawin^^ ^ ^ng the 

10 experiment nx %r comparing a cor^^'entiona! application 
method with an application metnoa accordruy to the present 
invention; 

Fig. 7B is an explanatory drawing illustrating the 
experiment result for comparing a conventional application 
15 method with the coating method according to the present 
invention; 

Fig. 8 is an explanatory drawing illustrating a control 
system th-. .ic:^' -ic ^lim forming apparatus in another 
embodiment of the present invention; 
20 Fig - i sruvvs a detailed structure of an angle setting 

tabic s^ovv.. :fi Fig. 8; 

Fig. 10 is a perspective view schematically showing a 
liquid coating nozzle and peripheral parts in the coating film 
forming apparatus in still another embodiment of the present 
25 invention; 

Fig. 11 is a side view showing the operation of the liquid 
coating nozzle shown in Fig. 10; 

Fig, 12 is a schematic plan view showing a moving 
mechanism of the liquid coating nozzle shown in Fig. 10 and the 
30 coating operation thereof; 

Fig. 13 is a perspective view schematically showing an 
coating system in which the coating film forming apparatus 
according to the present invention is incorporated; 

Fig. 14 is a plan view schematically showing the internal 
35 structure of the coating system shown in Fig. 13; 

Fig. 15 is an explanatory drawing illustrating a 
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conventional coating film forming method; 

Fig. 16 is an explanatory drawing illustrating a 
conventional coating film forming method; and 

Fig. 17 is an explanatory drawing illustrating the 
conventional coating film forming method. 

RFST MODE FOR CARRYING OUT THE INVENTION 

[0022] 

Embodiments of the coating film forming apijaratus and 
the coating film forming method according to the present 
invention will be described in detail with reference to the 
accompanying drawings. First, the structure of the coating film 
forming apparatus 1 is described with reference to Figs. 1 and 2. 
The reference number 10 depicts a housing. An interna! space 
of the housing 10 is divided into upper and lower portions 
thereof by a partition plate 12 with a slit 11 formed in a center 
thereof. Ciean-air downfiov/ is generated by airflow generating 
means, not shown, In the interna! space of the housing 10. 
The length of the slit 11 (dimensions in the right-and-left 
direction in Fi: ^ yhtly larger than the maximum width of 

an area to be coo^cd .n a surface of a wafer W. 

[0023] 

A part of the periphery of the wafer W is cut out to form 
a notch N indicating the orientation of the wafer W. Dicing 
lines D like a grid, which are used for dividing the wafer W into 
discrete semiconductor element chips, have been previously 
formed on the surface of the wafer W in directions parallel to 
and perpendicular to a line passing through the notch N and the 
center of the wafer W. Wiring patterns of ridges are formed on 
the surface of the wafer W along the dicing lines D. 

[0024] 

First, component members arranged in a lower space 10a 
below the partition plate 12 are described. The reference 
number 13 represents a substrate holding unit that includes: a 
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sucking device (substrate holding member) 14 for sucking the 
rear surface of the wafer \¥ to hold the same In substantially a 
horizontal posture; and a driving base 15 capable of moving in 
X-direction, having a driving mechanism for vertically moving 
the sucking device 14 and rotating the same about a vertical 
axis. The driving base 15 is supported by a moving member 16 
at its lower end. 

[0025] 

Two rails 17a extending in Y-direction are disposed on a 
bottom surface of the housing 10. A guide rail 17b is disposed 
on an upper surface of the moving member 16 to guide the 
driving base 15 in X-direction. By moving the driving base 15 
and the moving member 16, the wafer W held by the substrate 
holding unit 13 is capable of moving to any position in X-, and 
Y-directions in the lower space 10a. A ball screw 18 having a 
screw shaft extending in a direction paraTie! to the rails 17a is 
disposed at a position nea' ? - =;r surface of the moving 
member 16. When the sere - is rotated by a motor Ml, 
the moving member 16 is . . in Y-direction, while being 
guided by the rails x Ja. The moving member 16, the rails 17a, 
the :?r screw 18, and the motor Ml constitute a 
hokiing-member driving mechanism (second driving 
mechanism) that moves the substrate holding unit 13 and the 
wafer W held by the same relative to a liquid coating nozzle 5 in 
a forward-and-backward direction (Y-axis direction in Fig. 2). 

[0026] 

In the lower space 10a, a notch position detector 70, 
which detects the position of the notch N of the wafer W to 
identify the orientation of the wafer W, is arranged at a level 
substantially the same as that of the wafer W. The notch 
position detector 70 schematically shown in Fig. 1 has generally 
a square bracket shape. When the notch position detector 70 
is in its detecting position, the periphery of the wafer W is 
located between an upper beam and a lower beam of the notch 
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position detector 70. The notch position detector 70 is 

provided with a photo-sensor having a light-emitting elennent 
and a light-receiving element which are respectiveiy arranged 
on the upper and the lower beams. The position of the notch N 
5 can be detected by driving the bail screw 18 to move the wafer 
W to an upper position in Fig 2 so that the periphery of the 
wafer W intercepts the optical axis of the photo-sensor, and by 
rotating the wafer W about the verticai axis by 360 degrees. In 
this embodiment, the orientation (Einguiar position) of the wafer 
10 W when a coating liquid is appiied thereon is set based on the 
detected position of the notch N. 

[0027] 

A pair of liquid receivers 21 (21a, 21b), which receive the 

15 coating liquid dropping frcjm the nozzle 5 to prevent the coating 
liquid from being suppHed to the outer peripheral area of the 
wafer W, ar- ^ 2 :u'r: ^.i positions below the partition plate 12 
corresponding to the slit 11. Each of the liquid receivers 21 
(21a, 21b} has a tray-like shape for receiving and collecting the 

20 dropp! y coating liquid. Each of the liquid receivers 21 are 
pro. -r. . a cleaning mechanism (not shown) for flushing 
the coating liquid adhering to the surface of the liquid receivers 
21, and a drain line (not shown) for discharging the received 
coating liquid outside the housing 10. Forward-and-backward 

25 driving mechanisms 22 (22a, 22b) bring the liquid receivers 21a 
and 21b in X-dlrection away from or close to each other. In such 
a manner that distal ends of the pair of respective liquid 
receivers 21 are positioned slightly Inside the outer periphery of 
the wafer W, irrespective of Y-posltion of the wafer W. In other 

30 words, the forward-and-backward driving mechanism 22 
changes a gap between the liquid receivers 21a and 21b with 
respect to X-direction in order that the distal ends of the pair of 
liquid receivers 21a and 21b are positioned slightly inside the 
outer periphery of the wafer W, irrespective of Y-position of the 

35 wafer W, while constantly keeping a symmetrical positional 
relationship between the liquid receivers 21a and 21b with 
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respect to the line passing through the center of the wafer W in 
Y-direction. 

[0028] 

The liquid coating nozzle 5 for applv* j the coating liquid 
on the surface of the wafer is arrar^ir. . 3 an area where 
the liquid receivers 21 (21a, 21b) a,- .^.ed. The liquid 
coating nozzle 5 is disposed in a nozzle unit 4. 

[0029] 

As shown in Fig. 3, the nozzle unit 4 includes: a base 
member 42 of a rectangular plate shape extending in 
X-direct!on.; a drive pulley 43 and a driven pulley 44 
respectively disposed on opposite ends of the base member 42; 
g-.r, ^, ._',r.'e?/£ belt 45 wound around the pulleys 43 and 44. 
When a r'^:: 12 drives the drive pulley 43 for rotation, the 
e^f^'sss t-z,r 4 J is driven in a direction corresponding to the 
ri^is • • jnal -'—'-'■'on of the motor M2. The liquid coating nozzle 
5 is to one belt portion 45a through a nozzle 

suppot i ^ member 46. A balancer weight 47 for preventing 
oscillau.i-^ attached to the other belt portion 45b. The 
balancer weight 47 has a weight equivalent to the weights of 
the liquid coating nozzle 5 and the nozzle supporting member 
46, and moves in a direction opposite to the liquid coating 
nozzle 5 and the nozzle supporting member 46. The reference 
numbers 49a and 49b depict guide shafts. The guide shafts 
49a and 49b respectively Incorporate air guiding mechanisms 
(not shown) into which air is supplied from air supply pipes 82. 
The nozzle supporting member 46 and the balancer 47 are 
guided by the guide shafts 49a and 49b via the air guiding 
mechanisms. The drive pulley 43, the driven pulley 44, the 
endless belt 45, the nozzle supporting member 46, and the 
balancer 47 constitute a nozzle driving mechanism (first driving 
mechanism) which drives the liquid coating nozzle 5. 



[0030] 
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In Fig. 3, the reference number 50 depicts a 
coating-liquid supply pipe; 51 depicts a nozzle body; and 52 
depicts a dispense port. The dispense port 52 has a bore of, 
e.g., 50 pm. 

[0031] 

Referring to Fig. 4, a control system of the : ating film 

forming apparatus is described. A control unit 6 iias such a 
function that controls, through respective not-shown controllers, 
the motor Ml for driving the substrate holding unit 13, the 
forvvard-and-backward driving mec'".~^--?": '-2 22a, 22b), and 
the motor M2 for moving the liquid coating nozzle 5. 



[0032] 

A storing part 61 of the control unit 6 stores a plurality of 
recipes. Each recipe includes a piurality of recipe data that 
define coating conditions sucr. si 'r- target film thickness of the 
coating film, an application pitch, and an orientation of the 
wafer vV wnen a cc r y liquid is applied thereon. A recipe 
selection par^- 6? nf i control unit 6 selects one of the recipes 
stored in th- ^ ^art 61, depending on a kind of the wafer 

W or a composition of the coating liquid. The control unit 6 
cont'o's the respective mechanisms In the coating film forming 
apparatus through a control program based on the selected 
recipe, so as to perform a coating process. 

[0033] 

The "orientation of the wafer" as one of the recipe data 
means a direction In which the notch N showing the direction of 
the crystal of the wafer W is oriented, when the coating liquid is 
applied onto the wafer W by the liquid coating nozzle 5. 
Specifically, as shown In Fig. 5, the "orientation of the wafer" is 
defined by an angle 6 formed by a line LO connecting the notch 
N and the center O of the wafer W with respect to the moving 
direction (Y-direction) of the wafer W. In this embodiment, the 
orientation of the notch N is set such that a scanning direction 
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of the liquid coating nozzle 5 and the wiring patterns of the 
wafer Vi^ are not paraUel to each other. As stated above, the 
wiring patterns on the wafer W aeriera:-; extend in a direction 
paraiiei to or perpendicular to the dicing lines D. Thus, at first, 
5 the orientation of the wafer W is decider s.; : that the scanning 
direction of the liquid coating nozzle 5 is not parallel to any of 
the dicing lines D. However, some kind of the wafer has a 
wiring pattern group including wiring patterns that do not 
extend parallel to the Lu. r.; ; ^, but extend at an angle of 
10 30", 45% or 60° relative to the dicing lines D. Directions of 
such wiring patterns should not be parallel to the scanning 
direction of the Hquid coating nozzle 5 in some cases, depending 
on dimensions of the wiring patterns^ such as width and height 
thereof. In this case, the orientation of the wafer W (angle 8) 
15 is decided, considering the anguiar relationship of the scanning 
direction of the liquid coating nozzle 5 relative not only to the 
dicing lines D but also to the wiring patterns. 

[0034] 

20 Baseci :. - recipe data retrieved fronn the storing part 

61, the control unit 6 sets a rotation angle of the wafer W held 
by the substrate holding unit 13, by a not-shown nnotor 
incorporated in the driving base 15. In the illustrated 
embodiment, the storing part 61 storing the recipes, the 

25 program that retrieves a rotation angle defined in the recipe and 
gives a control signal to the driving base 15, and the like 
correspond to "angle setting means". 

[0035] 

30 Next, operations of the coating film forming apparatus 

are described with reference to Figs. 5 to 7. 

[0036] 

First, an operator selects a predetermined recipe 
35 corresponding to the kind of the wafer W (for example, 
corresponding to the production lot of the wafer W) by means of 



16 



the recipe selection part 62. The coating film forming 
apparatus is brought into operation, and the wafer W is loaded 
into the housing 10 from outside. The substrate holding unit 
13 sucks the rear surface of the wafer \N to horlzontaily hold the 
same. The wafer W is loaded into the housing 10 via an inlet 
port, not shown, disposed on the lower side of Fig. 2. Then, 
the wafer is moved by the substrate holding unit 13 to a 
position where the notch position detector 70 is iocated, and the 
position of the notch N of the wafer W is dc, c:e tv the notch 
position detector 70. Based on the detected position of the 
notch N, the orientation of the wafer W is adjusted by rotating 
the substrate holding unit 13 at an angie corresponding to a 
rotation angle of the wafer W defined in the recipe- It is often 
the case that the orientation of the wafer W has been previously 
adjusted before It is loaded into the coating film forming 
apparatus -.r,v,/5=.ve' e -en this case, the orientation of the 
wafer W is :or,firmed by ; - - - xh position detector 70 In order 
to rr.ake it sure that • • ; ■ \\l is accurately positioned. Next, 
«-h'- -!jbstr?5t hoio i .3 is moved to Its coating-start 

: = a a fro jf the wafer W held by the substrate 

Jing unit 13 Is Ic --.^d below the range of movement of the 
J 2. , Meanwhile, the liquid receivers 21 (21a, 

21b) especti-e.y located in predetermined positions which 
are si^g""' mside the outer peripheral edge of the wafer W. 
The r.f:= the liquid coating nozzle 5 dispensing the coating 
liquiG s reciprocated In X-dlrection at a predetermined speed of, 
e.g. 2 r sec, while the wafer W is intermittently fed by the 
r . ember 16 in Y-dlrectlon at the right times when the 

liiu c ^ooci i nozzle 5 just reverses Its moving direction. In 
t"^ , manner, a meandering, continuous (without any 
c :;;„ntlnuity) coating liquid line can be drawn on the wafer W. 
Actually, every time when the liquid coating nozzle 5 reverses 
its moving direction, the coating liquid dispensed therefrom is 
interrupted by the liquid receiver 21, so that there are formed 
on the wafer W a plurality of coating liquid lines extending In 
X-direction and spaced at Y-direction intervals. The coating 
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liquid in this embodiment is, for example, a solvent in which a 
precursor of an insulation film is dissolved. 

[0037] 

Fig. 5 shows the state in which the coating liquid is 
applied on the surface of the wafer W. The reference character 
L indicates the coating liquid lines applied by the liquid coating 
nozzle 5. A line width of each line L is, e.g., 1.2 mm, and a 
pitch thereof (a distance between "enters of adjacent coating 
liquid lines L with respect to Y-d ; ; :; :;on) is, e.g., 0.5 mm to 1.0 
mm. After the coating liquid iS applied on the wafer W, the 
coating liquid spreads such that the width of the coating liquid 
lines L with respect to Y-direction becomes wider. If the 
coating liquid lines L and the wiring pattern are parallel to each 
other, there is a possibility that spreading of the coating liquid 
might be rjbstructed by the wiring pattern. However, in this 
embodiment, as shown in Fig. 6, since the coating liquid lines L 
cross the wiring pattern P, a coating liquid line L and an 
adjacent coating liquid line L spread over a wiring pattern P. 
;r.c ^ na adjacent coating liquid lines L come unfailingly into 
contact with each other over the wiring pattern P, so that the 
: i rg liquid begins to further spread from the contacting point. 
As a result, the adjacent coating liquid lines can assuredly 
merge with each other. Although the above explanation Is 
made about the wiring pattern P of a ridge shape, it is also true 
with a wiring pattern of a groove shape formed in a circuit part. 
When there is a groove pattern which may possibly obstruct the 
merging of the adjacent coating liquid lines, the orientation of 
the wafer W is set such that the direction of the groove pattern 
crosses the coating liquid lines L. Due to this orientation of the 
wafer W, the adjacent coating lines L can properly merge with 
each other, with the same mechanism as stated above. 

[0038] 

After the scan coating by the liquid coating nozzle 5 to a 
rear end of the wafer W Is completed, that is, the coating liquid 
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is applied ail over the effective area (area where devices are 

formed) of the wafer W, the driving tB^--^ :~ 't -p-rrt=d thro-jgh 
a program in the control unit 6 to 5r ^i" ^rtior. of the 

wafer W to a predetermined orler.'i^'ion '^'J film 

such as an insulation film is formed oc iie we=^;t - ^ , .--c w 
is subjected to treatments such as a heating cr_ che 
like. Throughout these treatments, the wa^r :: ~^ ^ntly 

oiieriteci in the same direction to allc. ^ - »iSS 

conditions of the wafer W. When the wafer V z . ' '-i, for 
example, by a main arm 96 arranged in a system shown in Fig. 
14, which will be described later, the orientation of the wafer W 
is generally adjusted such that the notch N is positioned on a 
front side or a rear side. To this end, after completion of the 
application (coating) operation, the orientation of the wafer W is 
adjusted by the driving base 15 such that the wafer W is 
conveyed y^ith the wafer W being directed to such an orientation 
(predetermined orientation). In general, the wafer W is loaded 
into the coating film forming apparatus with the notch N being 
positioned on the front side or the rear side. That is, when 
unloaded, the ^. i -n of the wafer W is returned to the 
same orieni-^tion when it was loaded into the coating film 
forming c^jya; aLus. 

[0039] 

In the above embodiment, since the scanning direction of 
the liquid coating nozzle 5 crosses the dicing lines D, a certain 
wiring pattern (a wiring pattern in which part(s) thereof not 
coated with the coating liquid may possibly exist if the wiring 
pattern is parallel to the coating liquid lines L) parallel to the 
dicing lines D crosses the coating liquid lines L, which makes it 
sure that adjacent coating liquid lines L come into contact with 
each other. Since the coating liquid can be applied all over the 
effective area of the surface of the wafer W, a process yield can 
be Improved. When the scanning direction of the liquid coating 
nozzle 5 and the dicing lines D are parallel to each other, there 
may be a case in which adjacent coating liquid lines L are not 
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merged with each other. However, in this embodiment, since 

the dicing lines D and the coating liquid lines L cross each other, 
the coating film can be formed on the dicing lines D without fall. 

[0040] 

Experiments were conducted to confi rm effects of the 
present invention. The experiment results i :? described below 
sNim reference to Figs. 7A and 7B. The coating liquid was 
applied in such a manner that the coating liquid lines L and the 
dicing Hnes D extending in the right-and-left direction in Fig. 7A 
were paraHei to each other (Fig. 7A). On the other hand, the 
coating liquid was applied in such a manner that the coating 
liquid iines L and the dicing lines D crossed each other (Fig. 7B). 
The surface of the wafer W used in the experiments was formed 
of an oxide film layer on which groove patterns of a plurality of 
grooves, each having a width of 10 nm to 20 \xm, at an Interval 
of 10 |im to 100 |.im, were formed in parallel with the dicing 
lines D. The coating liquid lines L had a line width of 1.2 mm, 
and a pitch of 0.5 mm. The film thickness of the insulation film 
was oo'_ 

[0041] 

The left illustrations of Figs. 7A and 7B show the manner 
in which the coating liquid was applied on the surface of the 
wafer W. The right Illustrations of Figs. 7A and 7B show the 
wafer W on which the coating liquid was applied. Lines 
extending in the right-and-left direction represent areas not 
coated with the coating liquid. 

[0042] 

In the event that the coating liquid was applied such that 
the dicing lines D and the coating liquid lines L were parallel to 
each other as shown In Fig. 7A, there remain on the surface of 
the wafer W a relatively large number of areas not coated with 
the coating liquid. 
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[0043] 

In the event that the coating liquid was applied such that 
the dicing lines D and the coating liquid iines L cxossed each 
other as shown in Fig. 7B, although there exits areas not coated 
with the coating liquid, the nunnber thereof was decreased. 

[0044] 

Whr adjacent coating liquid lines L can properly be 
merged with each other or not depends on coating conditions 
such as the line vv'icith of the coating liquid, the composition of 
the coating iiquid, and the dimensions (width, height, depth) of 
the dicing line and the patterns (ridge, groove). Thus, even 
when the direction of the dicing lines or patterns are parallel to 
the coating liquid lines L, there may be a situation in which the 
adjacent coating liquid fines L can properly be merged with each 
other. Accordingly, the coating liquid lines L should not 
necessarily be parallel to all the dicing iines and patterns. . It is 
sufficient that a certain pattern (a pattern which may obstruct 
the merging of adjacent coating !ic,„.u .:nes L) of a plurality of 
patterns on the wafer vv ; : s 6= the coating liquid lines L at a 
certain angle. Thus, it s ijosslhle that the above-described 
angle 6 (see, Fig. 5) is 0 degree. 

[0045] 

Another embodiment of the present invention will be 
described with reference to Figs. 8 to 10. In the foregoing 
embodiment, the orientation of the wafer W is set by rotating 
the wafer W at a set angle defined by the recipe stored in the 
storing part 61. Meanwhile, in this embodiment, a CCD camera 
80 as image -pickup means is disposed in the lower space 10a of 
a houTMig 10. The surface of the wafer W is imaged by the 
I _.nera 80 to read patterns such as wiring patterns on the 
vvcici- W, and the rotation angle of the wafer W is decided based 
on the result. 



[0046] 
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In detail, when the wafer W is transferred into the 
coating unit 1, the wafer W is moved to a position below the 
CCD camera 80 by operating the driving mechanism 18, and an 
area corresponding to one chip on the surface of the wafer VV is 
imaged by the CCD camera 80. This Imaging operation is 
carried out under conditions that a notch N is positioned on a 
front end or rear end of the wafer W, i.e., the angle 9 shown in 
Fig. S ss 0 cenree. In this operation, instead of using the notch 
position detector 70, the notch N may be • ICD 

camera 80, and the angle e of the wafer W is set to be 0 deg. 
based on the analysis of the obtained image. An angle setting 
table shown in Fig. 9 is stored in a storing part 61, The angle 
setting table records therein angles (pattern angles) of patterns 
of ridges or grooves in wiring patterns or the like, and 
associated angles (set angles) at which the wafer is rotated. 
The term "angle" herein means the above-stated angle 9 shown 
in Fig. 5. 

[0047] 

Angles of , j .a -.^ on the wafer W are detected 

based on h i - is imaged by the CCD camera 80. With 
reference to the angle setting table, a set angle corresponding 
to a combination of the angles of the respective patterns is 
obtained. For example, when the angles of the respective 
patterns are 0°, 45°, and 90°, the set angle of 22.5° 
corresponding to data of wafer-kind A is selected from the angle 
setting table shown In Fig. 9. Succeeding operations are 
carried out in the same manner as those previously described. 
In this embodiment, the storing part 61 and a program that 
reads out the set angle from the angle setting table and gives 
instructions to the driving base 15 correspond to the angle 
setting means. 

[0048] 

The apparatus and method according to the present 
invention is not limited to the use of a liquid coating nozzle with 
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one dispense port forms a continuous, meandering coating 
liquid line; a Hquici coating nozzle provided with a plurality of 
dispense ports arranged in a row (linearly) over the length 
corresponding to tiie width of the effective area of the substrate 
may be used for scanning application, as shown in Figs. 10 to 
12. The term "effective area" means an area of the substrate 
which is actually used as semiconu„i r integrated circuit 
elements, a liquid crystal panel, and so ofs. The term "width of 
the effective area of the substrate" herein means, in a case that 
the substrate is a wafer W, a maximum value of the distance 
between two points at the intersections of a line passing 
through a center of the wafer W with the profile line (outer 
peripheral line) of the effective area. In order to obtain a 
uniform film thickness even In the outer peripheral portion of 
the effective area, it is -^erable that the length of the area In 
which the dispense p' are arranged be set slightly larger 
than the width of the eiTcCtive area. 

[0049] 

In the embodiment shown In Figs. 10 to 12, when a 
coating liquid is applied onto a surface of a wafer W held by the 
spin chuck 122 which Is a substrate holding unit, the coating 
liquid is applied by moving a liquid coating nozzle 120 right 
above the effective area of the wafer W, with the coating liquid 
being dispensed from dispense ports 121 of the liquid coating 
nozzle 120, while the moving of the wafer W, which is 
performed in the previously-described embodiment. Is not 
performed. 

[0050] 

The liquid coating nozzle 120 has the plurality of dispense 
ports 121 arranged In a row over the width of the effective area 
of the wafer W, i.e., a length corresponding to the diameter of 
the wafer W in this embodiment. As shown In Figs. 11 and 12, 
the liquid coating nozzle 120 is supported by a nozzle 
supporting member 123 which is guided by a guide 124 to move 
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in the longitudinal direction of the guide 124. In this state, the 
liquid coating nozzle 12G pef^— s i -ranslational movement 
from one end of the wafer '77 to th£ end thereof so as to 

conduct scanning applicp/:.: s; ~ - r.^iing liquid. In this 
5 manner, a plurality of lin-.r' . ^ i lines can be formed 

at once, so that the coating litiuiM . ; -^^d onto the whole area 
to be coated (effective area) of the wc.:_. .V to form a liquid film 
represented by the shaded portion shown in Fig. 11. 

10 [0051] 

Also in the case of performing the application operation 
by means of such a iiquid coating nozzle 120, as shown In Fig. 
12, the coating liquid is appSied by the iiquid coating nozzle 120, 
with the wafer W being rotated by the spin chuck 122 at a 

15 predetermined angle in order that the dicing lines D and certain 
wiring patterns are not parallel to the scanning direction of the 
dispense ports 121, so that adjacent coating liquid lines are 
assuredly r ^ :*^^r; with each other without being obstructed by 
concavity and convexity, such as die Jnes D and the wiring 

20 ,>c: ~- on the surface of the wafer W. Thus, the area 

to ^d of the wafer W can entirely be coated with the 

coating liquid uniformly. 

[0052] 

25 The liquid coating nozzle 120 is not limited to one having 

the plurality of dispense ports 120 linearly arranged over the 
length corresponding to the width of the effective area of the 
wafer W, i.e., the diameter of the wafer W. The liquid coating 
nozzle 120 may have the dispense ports 121 arranged over a 

30 length shorter than the width of the effective area of the wafer 
W, for example, a length corresponding to the radius of the 
wafer W. 

[0053] 

35 In the present Invention, the coating liquid is not limited 

to the solution of the precursor of the insulation film, but may 
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be a resist liquid or the like. Further, not iimited to the wafer W, 
the substrate may be a glass substrate for a liquid crystal 
display. 

[0054] 

An example of a coating system incorporating the 
foregoing coating liquid forming apparatus is described with 
reference to Figs. 13 and 14. The reference number 91 -: 
a cassette station provided with: a cassette supportir , ir - 
that supports thereon a cassette 92 containing, e.c r "I - - . ' 
W; and transfer means 94 that transfers the wafers '■ ' 
in the cassette 92 placed on the r^F'-.'^ne support'-.:, ^- '--e 93. 
A processing section SI surro',. c by a hcsi".:- .-5 is 
connected on a back side of the transfer means 94. A main 
arm 96 as main conveying means is arranged at the center of 
the processing section SI. Around the main arm 96, there are 
arranged a plurality of unitized coating film forming apparatuses 
1 (coating units) disposed on the right side when viewed from 
c ~. " c r:..;j table 93, a shelf unit Ul on the left side, 

a : - . - -n the front side, and a shelf unit U3 on the back 

The respective shelf units Ul to U3 are formed by a 
heating unit, a cooling unit, and so on, which are laid in a 
stacking manner. 

[0055] 

The unit shelves Ul to U3 are constituted by combining 
units for a pre-treatment and a post-treatment of the coating 
treatment carried out by the coating unit 1. The combination 
Includes a vacuum drying unit for vacuum-drying a wafer on 
which a coating liquid has been applied by the coating unit 1, a 
heating unit for heating (baking) the wafer W, a cooling unit for 
cooling the wafer W, and so on. The unit shelf U3 includes a 
transfer unit provided with a table to be used for transferring 
the wafer. The main conveying means 96 is constituted to be 
capable of moving In a vertical direction and a 
forward-and-backward direction, and also rotating about a 
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vertical axis. Thus, the wafer W can be transferred among the 
respective units, i.e., the coating unit 1 and the units in the unit 
shelves Ul to U3. 

[0056] 

The flow of the wafer W in the coating system is as 

foHov^s. First, the cassette 92 containing the wafers W is 
loaded into the coating system from outside, and placed on the 
cassette supporting table 93. The transfer means 94 takes out 
the wafer Vsi from the cassette 92, and delivers the same to the 
main conveying means 96 through the transfer unit which is one 
of the units in the heating/cooling unit shelf U3. Then, the 
wafer W is subjected to a wafer-temperature stabilizing process 
in one of processing unit of the unit shelf U3, and then the 
coating Hquid Is applied onto the wafer W by the coatiog unit 1. 
Thereafter, the wafer W Is vacuum-dried in the vacuum drying 
unit, heated in the heating unit, and cooled in the cooling unit 
to a predetermined temperature. Subsequentiy, the wafer W is 
returned into the cassette 92 placed on the cassette supporting 
table 93. 

[uud7] 

The orientation of the wafer W is changed in the coating 
unit 1 as described above, but is returned to the original 
orientation after completion of the coating process. That is, 
when the wafer W is conveyed by the main conveying means 
(main arm) 96, the notch N of the wafer W is always positioned 
on a front end or a rear end of the arm. Accordingly, change in 
the angle of the wafer in the coating unit 1 does not affect the 
process when the wafer W is subjected to a heating process or 
the like in other units. 



